In lake water containing 1.0 ,Ig of PNP per ml, a P. cepacia population of 230 or 120 cells per ml declined until no cells were detectable at 13 h, but when the initial density was 4.3 x 104 cells per ml, sufficient survivors remained after the initial decline to multiply at the expense of PNP. The decline in bacterial abundance coincided with multiplication of protozoa. Cycloheximide and nystatin killed the protozoa and allowed the bacterium to multiply and mineralize 1.0 ,ug of PNP, even when the initial P. cepacia density was 230 or 360 cells per ml. The lake water contained few lytic bacteria. The addition of KH2PO4 or NH4NO3 permitted biodegradation of PNP at low cell densities of P. cepacia. We suggest that a species able to degrade a synthetic chemical in culture may fail to bring about the same transformation in natural waters, because small populations added as inocula may be eliminated by protozoan grazing or may fail to survive because of nutrient deficiencies.
Fresh and marine waters, sewage, and soils possess highly diverse microbial communities that exhibit many degradative capacities, and species within these communities destroy many organic chemicals. Nevertheless, many synthetic compounds persist in these environments even though the molecules are biodegradable, and hence, inoculation with species possessing the appropriate catabolic properties has been proposed as a means of enhancing the decomposition of these chemicals.
Much of the research that has been done on inoculation of bacteria to enhance biodegradation has centered on pesticides, oil, or specific hydrocarbon constituents of oil. The inoculation of soil with a mixture containing Pseudomonas stutzeri and Pseudomonas aeruginosa has been reported to enhance the destruction of parathion (1); addition of a pentachlorophenol-degrading Flavobacterium sp. to soil samples led to the mineralization of this chemical (2) , and introduction of a tetramethylthiuram disulfide-degrading strain of P. aeruginosa into soil under laboratory conditions resulted in degradation of this fungicide (9) . Inoculation of samples of natural waters has also been reported to enhance mineralization of p-nitrophenol (PNP) (17) and benzoate (11) . In contrast, other reports show that addition of microorganisms to environmental samples fails to enhance biodegradation. Lehtomaki and Niemela (6) found that inocula of oil-degrading bacteria did not have a significant effect on oil biodegradation in contaminated soils. Similarly, a mixture of hydrocarbon-degrading bacteria added to a seawater microcosm did not stimulate the decomposition of crude oil (13) , and a PNP-utilizing Pseudomonas sp. did not mineralize PNP in samples of lake water (4 (Fig. 1A) . Bacteria at the same densities also mineralized 1.0 ng of PNP per ml in nonsterile lake water, but the extent of mineralization at these concentrations depended on the inoculum size (Fig. 1B) On the other hand, when nonsterile lake water containing 1.0 jig of PNP per ml was inoculated with 330 cells of P. cepacia per ml, mineralization was not evident after 40 h. Similarly, an inoculum of 230 cells per ml added to another sample of lake water mineralized less than 5% of 30 ,ug of PNP per ml in 50 h. Rapid mineralization of PNP at these concentrations was evident if the lake water received larger inocula.
To determine why the test bacterium at low cell densities failed to mineralize PNP in nonsterile lake water, samples of filter-sterilized lake water, nonsterile lake water, and salts solution were amended with 1.0 ,ug of PNP per ml. P. cepacia was added at an initial density of 330 cells per ml. After a period in which C loss was not detected, mineralization was rapid in salts solution and sterile lake water (Fig. 2) . However, little PNP was mineralized in 29 h in nonsterile lake water following inoculation.
Because competition with indigenous bacteria for inorganic nutrients might have prevented rapid mineralization by P. cepacia inoculated into nonsterile lake water at a low cell density, a study was conducted to ascertain the effect of specific inorganic nutrients on mineralization. Nonsterile lake water was amended with 1.0 ,ug of PNP and 790 cells of P. cepacia per ml. The water also was amended with 100 ,ug of KH2PO4, 100 ,ug of NH4NO3, or 10 ,g of CaCl2 per ml or with nothing. Mineralization was evident in water amended with KH2PO4 or NH4NO3, but CaCl2 had no effect (Fig. 3) .
Because the inability of P. cepacia at low inoculum density to degrade PNP could be merely a consequence of the decline of the population, a study was conducted to test the survival of this organism in nonsterile and filter-sterilized lake water. The bacterium was added to phosphate buffer (0.03% KH2PO4 and 0.07% K2HPO4; pH 7.2), filter-sterilized lake water, and nonsterile lake water. The bacterium persisted in filter-sterilized lake water and in phosphate buffer in numbers in excess of 5 x 103 per ml (Fig. 4A) . The population declined more markedly in nonsterile lake water and reached a low level.
P. cepacia was also added to nonsterile lake water amended with 1.0 ag of PNP per ml at initial densities of 4. ( Fig. 4B) . At the highest inoculum density, the number of cells declined by almost 10-fold, but the remaining survivors persisted and started to increase in cell numbers at 15 h; the population reached 2.1 x 106 cells per ml after 30 h.
To determine the possible effect of eucaryotes on PNP mineralization by the test bacterium, 250 pug of cycloheximide and 30 ,ug of nystatin per ml were added to half of the samples of nonsterile lake water. The water samples were then inoculated with 3.3 x 104 or 360 P. cepacia cells per ml and amended with 1.0 ,ug of PNP per ml. The small inoculum mineralized PNP when cycloheximide and nystatin were present but not when these inhibitors were absent (Fig. 5) . The large inoculum brought about mineralization in both the presence and absence of these two eucaryotic inhibitors, but mineralization was faster in lake water supplemented with the antibiotics.
To determine the possible role of protozoa in the elimination of the added organism in nonsterile lake water containing 1.0 jig of PNP per ml, the numbers of P. cepacia and indigenous protozoa were determined. Two inoculum sizes were tested. Even though PNP was present, the cell density arising from the small inoculum (230 cells per ml) declined when protozoa were not inhibited, and P. cepacia could not be detected at 21 h or thereafter (Fig. 6A) . In water receiving the same inoculum size but with protozoa inhibited by addition of the two inhibitors, the inoculated bacterium multiplied after a lag period and reached a population of 3.7 x 103 cells per ml. In water inoculated with 1.3 X 105 P. cepacia per ml, the number of cells of this strain initially declined by almost 10-fold when protozoa were actively multiplying (in the absence of inhibitors), and then P. cepacia began to multiply (Fig. 6B) . The number of protozoa decreased in the presence of the inhibitors, and none were detected by microscopic examination at 21 h or later in water samples inoculated with either low or high cell densities of the test bacterium.
Lytic bacteria were detected in lake water at a density of 130 cells per ml. Addition of a lytic isolate at an initial density of 630 cells per ml to a salts solution amended with 1 jig of PNP per ml and inoculated with 330 cells of P.
cepacia had no effect on PNP mineralization, which was the same as that in a culture without the lytic bacteria.
DISCUSSION
The data show that a bacterium able to degrade PNP in pure culture is capable of destroying the nitro compound when added to nonsterile lake water at relatively high cell densities but not at low ones. Corynebacterium sp. at high cell density also can mineralize PNP at 1.0 ,ug/ml in nonsterile lake water (17) , and a Flavobacterium sp. at a density of 5.5 x 107 cells per ml can degrade pentachlorophenol in fresh water (7) . Edgehill and Finn (3) also found that the rate of disappearance of pentachlorophenol brought about by an Arthrobacter sp. was related to the inoculum size.
The failure of the small inoculum to mineralize PNP in lake water could be a result of the failure of the bacterium to survive. Because more cells were added with the large inoculum, a marked population decline might not result in the total elimination of viable cells. The results demonstrate that survival was indeed affected by inoculum size. Thus, when P. cepacia was added to lake water containing 1.0 ,ug of PNP per ml at initial densities of 120 and 230 cells per ml, the population declined to a density below the detection limit. In contrast, when P. cepacia was added at a high cell density, the population also declined, but the survivors subsequently were able to multiply. Although antibacterial toxins are present in some fresh waters (5) Thus, low inoculum densities did not result in PNP mineralization when protozoa were active, but suppression of these grazers by eucaryotic inhibitors permitted the transformation to proceed. Population estimates also revealed the disappearance of P. cepacia added at low densities to lake water containing active protozoa, but the decline was small and followed by multiplication of P. cepacia when the predators were inhibited. The role of protozoa in controlling bacterial populations in natural waters is well documented (8) , and protozoa are also known to delay the initiation of biodegradation of synthetic chemicals and to affect the populations of bacteria acting on such compounds (15, 16) .
The ability of a bacterium to maintain itself in the face of grazing pressure is probably a balance between predation and growth rate of the prey, and it has been suggested that protozoa may eliminate slow-growing members of bacterial communities (10) . In the presence of an organic nutrient that one bacterial species but few other members of the microbial community can use, such as PNP, the bacterium carrying out the transformation presumably is able to multiply. Nevertheless, the growth rate would be affected by the concentration of inorganic nutrients; therefore, it is not surprising that P. cepacia at low densities was able to destroy PNP when the lake water was supplemented with N or P. It has been reported that the addition of inorganic nutrients substantially reduces the acclimation period prior to biodegradation in fresh water (12) . Since mineralization of PNP by a small inoculum was evident in filter-sterilized water, it is likely that the supply of inorganic nutrients in nonsterile water was reduced by members of the indigenous microbial community as they used natural organic materials in the water.
It is probably often not feasible to inoculate large volumes of natural waters with sufficient bacterial cells to provide a high initial cell density. Should the inoculated organism fail to survive some initial biotic or abiotic stress because of inadequate initial numbers, it may not bring about the biodegradative process for which it was introduced into the particular environment. Hence, additional attention should be given to devising means by which species introduced into natural or modified environments can successfully destroy chemicals that they have the capacity to metabolize in culture.
